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II is incvi[ab]c  tkrt ])~icro-i]~s(rulllcl~ts  and micro-rovers for space exploration will contain onc or mcrrc
f’ocal-plane art ays for imaging, spectroscopy or navigation. in this  paper, wc cxp]orc Ihc sla[c-of-the-arl
it) focal-plane tcchno]ogy  for visib]c  sensors. Also discussed is present research aclivity  in advancccl
focal-plane tcchno]ogy  with particular emphasis on the dcvclopmcn[ of smart  scasors.  ‘1’hc paper
concludes with a discussion of possible future directions for the advancement of the technology.

Visible focal-plane lcchno]ogy  is currcnlly  dominated by charge-coup]cd dcviccs  (CCDs). 7’hc WI) call
bc used for both photon dctcclion  and as a readout multiplexer since its primary function is the shifting of
charf:c packcls.  Scientific CC.DS typically employ both modes of operation to u[iliz,c the maximun~
an]ount of chip area for the collection of photons and arc rout inc]y made in mcgapixcl  arf-ay sizes, with
the largest dcmoast  ra(cd CCD size txing 16 Mpixcls. ] Unfortunatc]y,  the elect roclcs  which comprise the
CCIJ ancl ensure high fidelity of the readout signal also block photons, particularly in the blue ancl
ultlaviolcl  (U V). Thus, separation of lhc sensor into a photoactive portion and a readout portion is oftcl~
USCC1  to cnhancc  the spcc(ral  response. l’hc photoactive region may & a pinnccl pllotodiodc2  to obtain
IIigl}  blue response (or a plaiinum-silicidc  Schottky diode to obtain infrared rcsponsc3).  7’lIc rcaclout  CCI)
lies bctwccn  photoac(ivc  regions and is typically covcrcd by a metallic light shield, Thinning the chip to
enable the back side of the chip to operate as the photoactive region has also been employed to cnhancc
blue and UV (and infrared) response.4 Such a s{ructurc is mechanically fragile hoivcvcr.

‘1’here arc major disadvantages to the CCD.  la large array sizes, signal charge must bc physically
t ransportccl  macroscopic distances (ccntimctcrs)  without significant loss of fidelity, making CCIJ
application in high  radiation environments, low tcmpcraturc  environments, and high ft-amc rate systcll~s
ditTcult  to achicvc.  Additionally, voltages applied to the CCD arc typically large (10-2,(1  vo]ts)  and n]usl
cl rive high capacitance loads, making intcgrat  ion of timing and control signal generators and clock drivers
with  tllc image sensor nearly ilnpossiblc.

‘1’lIc clncrgcncc of the high -dcfinit  ion television (1 lIYI’V) concept has driven conlmcrcial  research ancl
advaaccd dcvclopmcnt  of image scn.sors away from the (XX) and toward alternative approaches. ‘1 ‘I)c
pritnary approach is the ac[ivc pixel sensors bccausc  it avoids the physical transport of charge. ‘I”hc pixel
is acldl-csscd  for readout in random access fashion, i.e. by its X-Y address. I’hc pixel consists of botl)  tllc
photoactive region and a readout transistor. ‘J’hc rcadont transistor senses the voltage dcvclopcd in tl)c
photoactive region, and is read oat in voltage-fo]lowcr mode. ‘1’hc two con]poncnts  arc of[cn vertically
integrated to maximize the size ofthc hotoactivc  region. ‘l’ransistor  approaches to the active pixel scl]so~

!iacluclc MOSI+3’S,6  S11’s,7 and 111’1’s. The aclivc pixel sensor allows small, highly  sensitive pixels,
hi~l) rcaclout rates, and, in principle, improvccl  operation in high radiation environments and at low
tcmpcrat  arcs. ‘1’hc act ivc pixel sensor also requires lo~vcr  drive voltages and lower capacitance drive]s
tl]us pcmit(ing  on-chip integration of both timing and drive clcc[ronics.

1 Iltcgrability  of drive electronics also inqdics the intcgrability  of post-image-capture image and sig,nal
processing circuitry. ~-hc purpose of on-chip integration of signal processing in scientific instruments is
to cnhancc  the signal-to-noise ratio. lntcgration,  in general, also dccrcascs  systcm  si?.c and weight and
incrcascs  reliability - important issues for micro-instruments. For example, on-chip signal processing ]Ias
been demonstrated for enhancing the compressibility of 256x256 images with negligible incrcasc  ill
SYskm con]plcxity.9  On-chip analog-to-digital conversion, presently under investigation at JPl, for loJv--.
li~l)t-lcvc]  ilnaging,  cnhanccs  systcm  dynamic range and clin~inatcs  all off-chip signal  chain electronics.
h~ulti-resolution image pyramid generation for rover vision is also king invcstigatcci at J}’], for on-chip
application. Significant power and weight savings can bc achicvcd in this case as well.



There arc many future directions for smart  focal-plane tcclmology. 10 ]11 I}lc case of nlicro-irlstrulllclltS,
incrcascd  siglial  processing to cnhancc  scicncc  rctum has v’idc applicability. This proccssinc can include
noise reduction, electronic irnagc stabiIimtion, 11 non-unifomily  correction, automatic focus, spatial
ovcrswnpling  for higher resolution imaging and on-chip analoc-todigital  convcrsiorr.  Other processing
related to nlicro-instruments and micro-rovers includes windowed readout for region-of-interest, higher
imaging rates, feature recognition (spatial and spcdral)  for autonomous mission replanning, stcrcmvision
processing for range information, and promsing for active range sensing systems.

The low power, low weight and small size of fuhrrc’sparxcrafl  and missions will require dcvclopmcnt of
higl]ly  intcg,ratcd,  smart fbcal-plane technology. This area will require nurturing to ensure that
anticipated fuhrrc  mission rcquircmcnts  can bc met.
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